In order to improve the yield of any crop, it is absolutely essential to carry out soil testing periodically. This will not only improve the procurement but also will provide eco-friendly ambience. Testing all soil quality parameters will be a laborious and time-consuming process. To overcome this problem, soli quality index can be of immense help. Unlike many water quality indices available, only a very few soil quality indices are in existence. Newly developed soil quality index called Heber soil quality index (HSQI) is widely used to identify and differentiate the various types of soils. The HSQI values of all samples were found to be in the range of 72.36 -83.83 divulging a fact that the nature of soils inspected in this examination is good for the plantation of sugarcane and rice. The index was found to be time saving and cost-effective method of assessing the fertile nature of the soil for the effective farming of sugarcane and rice. Soil quality assessment in the light of HSQI is proposed to offer a better perceptive of the soil property measures to be taken to improve the quality of soil system for the better yield of any crop including sugarcane and rice.
Introduction
Quality of soil is the significant characteristics that determine crop procurement and its suitability. Good soil is the one, which is suitable for all varieties of plants to grow on it. It is also an indicator of a good environment. To understand the soil health and to conserve it, it is always better to subject that particular soil for soil testing at least after every season. There are about twenty five parameters available to check the inherent health of any soil system but quantification of all these parameters is highly expensive, laborious and time consuming one. To resolve this issue one can make use of any soil quality index. According to eminent agricultural scientists and other experts of soil research, minimum indicators are more than sufficient to check the health of any soil system. But the number and nature of parameters may vary for different kinds of crops being grown on those soils1. Researchers in Bishop Heber College, India have devised a Soil Quality Index called after their names as Heber Soil Quality Index (HSQI)1. In the current inspection, efforts have been made to exploit Heber Soil Quality Index (HSQI) to examine the soil fertility of a selected area for better farming of rice and sugarcane. Though there are more than twenty five parameters available to ascertain the suitability of a soil for the cultivation of sugarcane and rice, only twelve parameters are considered to be more than adequate to determine the quality according to the valuable suggestions offered by agricultural scientists, soil chemists and other experts. These are as available N, P, K, pH, water holding capacity (WHC), texture, bacterial content (BC), soil organic matter (SOM), electrical conductance (EC), bulk density (BD), Cl-content, total hardness (TH) 1, 2 .
One of the major aims of HSQI is to sort out the nutrient undersupplied areas from non-deficient ones. This message is vital to ascertain whether the soils could provide enough nutrients for best possible crop production or not. As farmers try to boost their procurement, one of the issues they ought to ask is whether the supply of fertilizer will raise the yield and whether it will be beneficial 1, 2, 3 . The national concern would be to get the highest yield from the area under farming while the farmer's concentration would be to make lucrative yields and not essentially the high yields. Haphazard use of fertilizer is not a solution to anyone of the issues as this not only will increase the value of crop production however additionally consequences in harmful effects on soil fertility 4, 5 . The idea of unprejudiced nourishment of plants additionally supervises the utilization of crop nutrients in an exceedingly explicit quantity as needed by the crops that is feasible provided that one is aware of the accessible nutrient condition of soils 6, 7, 8 . Soil testing helps in knowing the intrinsic fertility status of the soils. In addition to this, several aspects apart from poor soil fertility might also be answerable for poor procurement and therefore, soil fertility assumes as a greater significance. Every fertilizer prescription supported a soil analysis ought to take into consideration the soil takes a look at value gained by the accurate soil analysis, the research work carried out on a crop retorts to fertilizer addition in an exceedingly specific area, the practices and level of soil administration of the concerned farmer 1 . Soil testing is aimed at soil fertility analysis with resulting fertilizer recommendation is, therefore, the actual connecting link between the agronomical analysis and its usage to the farmers' field 1, 2 . The major objective of this article is to enlighten the readers about how HSQI is useful to provide information about the inherent health of any soil system with reference to the cultivation of sugarcane and rice. Also it is strongly hoped that this article will instill an interest in young researchers to frame such soil quality indices to other crops thereby helping the farmers to improve the yield at low cost.
Materials and Methods

Study Area
Thiruvarur is one of the important districts of Tamil Nadu, which lies on the bank of Cauvery River (Fig.  1) . Surface samples were collected from fifteen sampling sites one from each in Thiruvarur district namely Thuraiyur (1), Mathagaram (2), Alangudi (3), Amaravathi (4), Padagacheri (5), Govindakudi (6), Pudukkudi (7), Uthukadu (8), Eri (9), Manallur (10), Manakundu (11), Aavoor (12), Nadupadugai (13) , Thozhuvoor (14) and Valangaiman (15) .
Sampling Method
Soil samples were collected from the aforementioned area. Initially, the bulk or junk part of the soil was taken out and thrown off from each sampling site. Using a spade, soil samples were collected from the four corners and middle place (at least 15 cm) from five places of each sampling area. Five sub samples collected from each sampling area was thoroughly mixed and from the mixture, 1kg of the composite sample was taken for lab analysis. These composite samples were thoroughly cleaned to ensure that they contain no foreign substances like pebbles, roots and stones. The derived samples of each site were collected in a clean fabric bag and inscribed with the required information 2 . Before, the samples were subjected to lab analyses for the above said twelve parameters (Table 2) , the composite soil samples of each area were crushed to powder by using wooden hammer and sifted to get particles of 2-mm dimension.
To frame the HSQI table, statistical information was gathered from agricultural scientists, experts and eminent in this arena of research. They were advised to: (i) assemble the chosen twelve factors in the array of their significance, (ii) prepare scoring chart on a 10 -point balance with '0' showing the lowest ranking and '10' the highest, (iii) allot weighting curve value (Q -Value) ( Table 2 ) and (iv) sketch the 'Q' graph for each pointer considering the allowable and acceptance limits of each parameter.
Test outcome, weighting factors and the 'Q' values were taken into an account to frame the SQI. To arrive at the SQI value for each parameter, the 'Q' value of that parameter is multiplied by its weighting factor. The overall HSQI for a sample is determined by adding all the SQI values. Information like various ranges of SQI values, the respective nature of soils and their suitability is presented in table 1.
1 'Q' values of each sample were obtained from Fig. 2 to 13.
Results and Discussion
The outcome of the results is presented in the tables 3-5. The overall HSQI values of all soils were determined to be in the range of 72. 36 -83.83 . This reveals that the quality of soils examined in this study is good for the better growth of sugarcane and rice. Amongst the various samples studied, sample 14 (Thozhuvoor) had maximum ultimate HSQI value, 83.83 (Table 5 ). In this sampling site, the outcomes of the parameter like available 'N' (455 kg/ha), pH (7.4), WHC (45.94 %), texture (sandy clay loam), SOM (0.59 %) and EC (0.08 mmho/cm) are found to be excellent and they are in accordance with the best favorable values needed for the most excellent farming of sugarcane and rice. The HSQI values of available 'N', pH, WHC, SOM and EC were found to be extremely good with 9.12, 9.31, 8.56, 8.37, 7.98 and 7.45 respectively. The parameters such as available 'P' (152.5 kg/ha), 'K' (425 kg/ha) and bulk density (1.29 g/cm 3 ) contribute reasonably to the soil quality of this sample with the HSQI values of 5.40, 6.96 and 6.49 respectively. Bacterial content, Cl-content and total hardness do not significantly contribute to the quality of this sample.
The sample 4 (Amaravathi) registered with the low HSQI of 72.36 (Table 3 ). This sample was rated The best possible amount of 'N' for a better farming of sugarcane and rice in Indian soil culture is >328kg/ha (Table 2) . Available 'N' of the studied soils in this examination ranges from 112-455 kg/ ha. This range indicates that most of the soils were very low in nitrogen. Nitrogen insufficiency results in a yellowing of the leaves because of declining chlorophyll 3 . 'N' may be reused by upcoming plants in the form of crop remains and manures stored in the soil. The pH of soil can influence the positive role of useful micro-organisms. The degradation of SOM may be decreased down in acidic soils. The soils had the pH from 6.3 -8.3, which reveals that they were little acidic to fairly alkaline. From this range of pH it is realized that the speed of volatilization is maximum. Texture of soil samples represents clay loam and silty clay loam, which indicates that the rate of evaporation is moderate as these soils can retain soil specks firmly. EC values (0.05-0.56 mmho/cm) of soil samples support the argument that the rate of volatilization is high. Volatilization losses could be evaded by, (i) irrigation to the soil instantly following the addition of urea (ii) maintains soil humidity.
Soils with high pH (alkaline soils) is not favorable for the growth of sugarcane and rice because micro nutrients such as Zn, Cu, Mg, B and P are less accessible in soils (ii) huge levels of 'Na' in soils adversely impacts growth (iii) Ca (Ca 2+ ) forms coordination compound with 'P' that makes it out of stock to the soil4. The pH of all samples was in the range of 6.3-8.3 revealing that they were acidic to alkaline. The pH prescribed for the better procurement is 4.5 -8.0 (Table 2) . Soil sample11 (Manakundu) registered high pH (8.3), which indicates that this sample is basic (Table 5 ) and sample 1 (Thuraiyur) showed low pH (6.3), which divulges an information that it was acidic (Table  3 ). Other soils were found to have intermediary pH values. Hence, as far as pH is concerned, the sugarcane and rice crop are better grown in acidic soils in range of 6.0 -7.0 due to the maximum microbial activity, which in turn make nitrogen and phosphorus more available.
Available WHC is nothing but the quantity of water that the soil can retain. Good quality soils have high available water holding capacity, which supply excess water to plants. Clay loam and silty soils can retain more water than sandy soils 5 . WHC could be enhanced by; (i) the supply of SOM to soils either from compost (ii) dung (iii) cover crop (iv) reduced tillage in long term manner. WHC of the samples selected in this examination was found to be between (Table  2) is good for the plantation of sugarcane and rice form which better yield is expected. Almost all the samples analyzed in this study had the optimal range (42.34-52.18 %), which is in accordance with the range (40-55 %) suggested by experts. Sample 10 (Manallur) and sample 2 (Mathagaram) recorded high (52.18 %) ( Table 4 ) and low (42.34%) ( Table  3 ) WHC values, respectively.
Several vital characteristics of soils are associated with their texture. For instance, clay soils display huge WHC, high flexibility, adhesiveness and bulging; whereas sandy soils are obvious by the deficiency of these characteristics. Texture impacts the growth of vegetation and supply of nutrients. WHC and soil quality are related to texture of the soil 6, 7, 8 . When texture of the inspected soils in this study is considered, they reported as clay loam and silty clay loam types.
'P' is a vital requirement for the growth of any plant. It stores power in plant cells that is significant for photosynthesis. 'P' quantity can be improved by rigorous fertilization of cash crops like cotton, tobacco and peanuts and addition of green composts and biosoilds in soils. From the management practices, decrease runoff and soil attrition could be reduced by terraces, tillage methods and reduce 'P' run-off. The prescribed value of available 'P' is >30 kg/ha (Table 2) . 'P' of the soils investigated in this task ranged from 48.75 -430 kg/ha, which reveals that all soil samples had excessive 'P' content 7 .
Potassium is another vital nutrient absolutely indispensable for plant growth. It is engaged in the working function of enzymes that are accountable for several anatomical plant processes. It offers a pivotal role in nutrient and carbohydrate transportation in the plant. It is significant for water irrigation in the plant and improved winter hardihood of legumes. Plants need more 'K' than any other elements as well as nitrogen 3 . Available 'K' is found in soil water and readily exchangeable form by organic matter and clay. Deficiency of 'K' leads to (i) produced stunted and developed poor root systems (ii) begins with symptoms of interveinal chlorosis (iii) bronzing near the edges of lower leaves and developed into a firing and moves inward until the entire leaf dies and are shed, when the short fall continues (iv) reduced the carbohydrate production (v) premature defoliation (vi) belated development (vii) declined yield (viii) plant death. The deficiency of 'K' could be reduced by (i) executing good soil management methods (ii) maintain good pH to increase soil cation exchange capacity (iii) building soil organic residues (iv) using split application to minimize leaching losses on soils with less cation exchange capacity 25 . The optimum value of available 'K' for the better cropping is > (Table  5 ) and sample 4 (Amaravathi) showed low (112.5) (Table 3) values of available potassium.
SOM may be a complicated, various element including living and dead plants, animals and micro organisms and materials created by these bacteria and their degradation 9 . SOM could be minimized considerably by tillage method, whereas tilling oxygen inspires or flow up the action of soil microbes that take advantage of an organic matter and also the process continues large amount of organic matter is burnt off 10 . SOM can be enhanced by the addition of cover crops, green manure crops. Compost is an extremely similar composition of SOM when adds compost to soil and breaks down gradually and maximizes soil health. The most favorable range of SOM for the better farming is 0.34-0.95 % ( Table 2 ). All the soils tested in this inspection had SOM in the range of 0.29 -0.78 %. The sample 2 (Mathagaram) showed high (0.78%) ( Table 3 ) and sample 6 (Govindakudi) presented (Table 4 ) low organic matter (0.29%). The BC of soils in this piece of investigative task was determined to be in the range of 11000 -9300000 SPC/g this shows the condition of soil better for the cultivation of sugarcane and rice.
Productivity of soil is taken into account as a pivotal issue for the accomplishment of crop procurement instead of soil productiveness. Soil productivity is based on many factors among that the role of microbes is outstanding. Microorganisms are numerous like archaea and protozoa. The valuable microorganisms in soils such as cyanobacteria, rhizobacteria, mycorrhiza perform numerous jobs like promoting plant growth, fixing 'N' in the soil, providing disease resistance and stress tolerance to the plants providing and helping the degradation of soil particles etc 11, 12, 13, 14 . Soil microorganisms (Flora and Fauna), rather like superior plants depend wholly on the soil for their nutrition, growth and activity Aavoor (12) Nadupadugai (13) Thozhuvoor (14) Valangaiman ( Electrical conductance is a dimension that interrelates various characteristics of soils, which impact procurement including texture, cation exchange capacity, drainage conditions, SOM and salinity 16, 17, 18, 19 . EC of the soils recorded between 0.05 and 0.56 mmho/cm. The most possible quantity of EC recommended by experts is < 1 mmho/cm ( Table 2 ). The sample 4 (Amaravathi) showed huge EC value (0.56 mmho/cm) ( Table 3 ) and sample 8 (Uthukadu) had poor value of EC (0.05 mmho/cm) ( Table 4 ). All other tested samples determined good electrical conductivity. The values of parameters such as Cl-content (1.2-5.6 mg/L), soil textured (clay loam and silty clay loam), water holding capacity (42.34-52.18 %) of the samples analyzed, which are in support of for good electrical conductivity of soil samples.
Cl is the most copious constituent of the halogen family 20 . Cl-is vital for osmotic regulation and increase yields of cereal crops. Excess Cl-uptake influences the degree of hydration of plant cells and poises the charge of positive ion cation transportation. Plants having lesser quantity of Clthan the optimal value will tend to undergo drooping of leaf tips, a progressive chlorosis and leaf necrosis, which will result in plants failing to form fruit 21 . Toxicity of chloride in plants more often because soil water contains such a high concentration of dissolved substances due to the accumulation of chloride in water, which is unavailable for plant uptake. Healthy plants generally have 70-100 ppm Cl-on dry weight basis but may have 20,000 ppm without undesirable impacts 22 . Cl-content of the samples was estimated to be in the range of 1.2 -5.6 mg/L. The most favorable value of Cl-content for the better procurement of sugarcane and rice is < 4mg/L ( Table  2 ). The sample 7 (Pudukkudi) tested high value of chloride (5.6 mg/L) (Table 4 ) and the sample 1 (Thuraiyur) showed low (1.2 mg/L) ( Table 3) . As far as electrical conductivity values are concerned, all samples show good electrical conductivity values. The TH of the investigated soils was found to be between 32 -84 mg/L. The suggested finest quantity of TH is <1.5 mg/L (Table 2 ). Sample 7 (Pudukkudi) had maximum TH (84 mg/L) ( Table 4 ) and sample 1, 6 and 15 (Thuraiyur, Govindakudi and Valangaiman) presented low value (32 mg/L) ( Table 3, 4 and 5) . Almost all samples were found with acute hardness, which is a pointer of low yield for the crops like sugarcane and rice.
Soil bulk density is a gauge of compactness of soil and its soil. It influences permeation, rooting boundaries of soil, WHC, porosity, nutrient accessibility and the activity of soil micro organism, which affect key soil practices and crop procurement 23 . Bulk density classically amplifies with soil depth because subsurface covers have more packed and less SOM, accumulation and root infiltration compared to surface covers 24 . BD of the soils examined in this study is found to have the ranged from 1.13-1.30 g/ cm 3 . The most favorable range of BD values for better farming of sugarcane and rice is 1.23 -1.50 g/cm 3 ( Table 2 ). The sample 10 (Manallur) registered high bulk density value (1.30 g/cm 3 ) ( Table 4 ) and sample 6 (Padagacheri) registered low value (1.13 mg/cm 3 ) ( Table 4) . As far as soil texture is concerned, all tested samples were clay loam and silty clay loam, which showed that the bulk density values were < 1.30 g/cm 3 and almost all the samples had good water holding capacity. Considering the parameter bulk density almost all samples are considered good for the cultivation of sugarcane and rice.
Conclusion
The chief basis of earnings for the farmers residing in Thiruvarur district, India, depends on the growth of cash crops like sugarcane and rice. Highly useful and newly formulated HSQI was exploited in this study to rate the soil samples collected from fifteen places of Thiruvarur district as excellent, good or bad with special orientation to sugarcane and rice cultivation. The ultimate HSQI values of soils studied were found to be between 72.36 and 83.83 revealing that they are in good quality. Therefore, this newly designed HSQI table is useful as it is less time consuming and more interpretable by soil experts so that they can offer appropriate and constructive suggestions to the local farmers. This work is believed to be really beneficial and may result in better farm management through more cost effective nutrient decisions. Not only that, this sort of a work may serve as an eye opener for the young researchers to take up a similar soil index work for other crops.
